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- FREE WHEELING UNIT
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(i / (:) Roller bearing in autorotation

.. Roller bearing in powzafcd flight

In powered flight, with the rotor brake released, inertia and centrifugal

force cause the roller bearings to move out of the grooves in the free
‘vwheeling cam and mechanically couple the engine to the rotor system.:
I ’ .

.

ith the blades at flat pitch and rotor inertia retained,
t to rotor RPM causcs the roller
uple the engine -from the

In. sutorotation, W
a decrease in engine RPM with respec
bearings to retract’into the-grooves "and unco

rotor system.
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| AFCS 'SERVO OPERATION . Page 1 of 10
' -‘5‘“1‘ “3evision.B;
I. OPERA'I‘ION 01? A BASIC SERVO '

y A servo machanism, commonly called a BerVO, is a
_-device for positlonlng a load with respect to an Inpuk
" “signal capable of furnishing only negliglble pover.
. Its operatlon.depands upon the difference between the
" load’s actual posltion and its desired positlon, there-
- fore some system must be devlised to compare the Joadfs
position with the.input signal.-: If the load’s pesi~ |
“tlon, when compared. with the AInput signal, leaves no '
- errox, tha load is at the desired'position; if the -
... comparlson leaves an error, the servo acus to change -
- the load‘s position and reduces the erroxr to zero.

(~’ : - The system Lnau transmi 3 the loadls position.back
‘ to the Input for comparison with the input slgnal is
called feedback oxr follow-up. The feedback Iis connected
to the oubtput in such a mwanner that it automatically and
continuously feads the load's positlon back to the lnput.
The feedback allows the oubtput to move the load an. a-
mount proportional to the error, and then the servo stops

mDVingp,*ﬁ:”f N T IR L.

. ‘The powexr for drivinv a servo musﬁ come ¢rom sone
external source. In the case of a hydraulic servo, the
pover 1s .generated by pressurized hydraulic fluid. The
input signal controls the direction and volume of f£luid
flow, and the fluid is directed into a cylinder that has

~a movable p15uon wlth a predetermined surface-area, which
debermines the force availlable, The distance through
which the piston moves is determlned by the feedback ,
system. The servo, then, can ampli;y distance, or power,
or both. o . L '
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flight control systems. In the case of the auxiliary

Since thé'hydraulic servb‘amplifies both power and.-
dlstance with precision, it readlly adapts to alrcraft

hydraulic servo, it positions the flight.controls zccu-
rately and also provides Zn excellent point to comnect
KECS to the flight conbrol linkages. Although the power
oubtput from AFCS is less than one watt, 1t can control

the auxlllary servo whose power outpub 1s great enough -
to overcome the feedback forces of the main rotor blades.

Most hydraulic servos, however séphisticated; can
be said te have four basic requirements. Filrst, a bypass

~ valve used as a means of passing fluld from one side of

the power piston to the other when there is no pressure
applied to the servo. The bypass valve must close wWith _

‘the application of pressure. Second, a .spool valve

(pllot valve).used to direct fluld under pressure to
elther slde of the power piston and at the same time

"provide a return path to the side opposlite, -Third, a -

slaoppy 1ink used to enable the pilot to move the spool

" valve. The sloppy link must close za2nd become a pivob

point.when pressura ls not dpplied. Fourth, mechanical
feedhack, commonly referred to-as degenerative feedback

or followup, used to prevent the servo from running away
from itself, : Lo T e
DESCRIPTION OF THE AUXILIARY HYDRAULIC SERVO

‘fhe auxiliary hydraulic Serﬁo,-located in the con—

trol closeb, consists of four indepsndent servos con-

structed as a unit (Refer to T3.1.60).. Each servo of

‘the unlt amplifles the power of the pilot's and//or

‘vertical movement of the collectlve stick;and motlon

-AFCS' input to the flight controls and btransfers this

power to the rotor blade linkage. Although the opara-
tional concept of the four servos 1is slmilar, they have -
small differences and refinements to enhance.their

: function.

" Rach of the four servos function in a single area
of control. They provide power amplificatlion for the
fore/aft and lateral movement of the cycllic stick,

* F’t

of the directional control pedals.

" The auxiliaryﬁhydraulic'pump, located ‘on the ac-

eessory pad, aft of the main gear box, supplies hydraulic

powWwer to the auwxillary servos, the sticlc trim system, and

the pedal damper.
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IIL. SERVO OPERATION (Refer to T3,1.61)

AL

Preliminary Conditions

Although the operatlon of all servaes 1s simillar,
the collectlve serve is the least sophisticated of
the group; therefore it has been singled outl for a
detailed analysis. T3.1.61.shows the collective
servo in a pressurized state with the bypass valve

" and spool valve closed. Hence, with no input signal,

' hydraulic £luld in the power cyllnder locks the pls-

ton in place., To initiate power plston movement, an

inputisignal must dlsplace the spool valve causing
it to direct hydraulic fluld under pressure to the

" power plston.. : L

“pressurlized rluid enters the servo at two points;

A% point A bthe pressure actuates the sloppy link °

. 'and bypass actuator which pexforms tvo functions.
' It compresses the spring in the bypass cylinder

closing the bypass valve and separates the surfaces

.that have been clamplng the sloppy 1ink pin. ‘This
actlion releases the sloppy link plin which no longer

performs as a plvot point, but functions as a pars’

ch of the inpubt linkage, free to move back and forth.
“with input slgnals from the pilaot's stick.

Pressurized fluid also enters at point B where it

" £1ows through two metered orifices and Then through.

two varlable orifices at the AFCS operated {lapper
valve. The flapper valve, spring loaded To the

. center position, allows equal volumes of fluid flo¥ -
_through each orifice to the return line which leads

~back to the fluld supply ‘tank. With equal flow of
- f1luld through each orifice, equal pressure ls deve-

L loped in the cavity at each end of The spool valve

' causing the springs at.the ends of the spool valve

-FQ to .center 1t wlthin the carriage.

" With the servo préssurized as'ouﬁiined, the_préssure'

at point A holds the bypass valve -closed, maintaining

‘the spring in the bypass valve actuator comprassed.

" The pressure at point B causes a continuous flow

through the metered Jets and the flapper valve orl-
fices. The constant flow servos two functlions. It
allows the fluld to circulate through- the auxlliary
hydraullc system which carries heat away from the

hydraunlic pump and, in the servo, it allows the AFCS

",flappar valve to change the pressurg_at the orifices

-3 -
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by restrlictling the flow through one or the other,
causing a pressure differentlal atross the spool
valve. Wlith the flapper valve in its neutral
positlon, the pressure at its orifices is equal
and this reflects equal pressure to the ends of
- the: spool valve, While the spool valve rests in
- 1ts cenbered positlion.and with no input signal
from the pllot's conbtrols, pressurlzed fluld
carmot reach the power piston and 1t remains . = | -~
o atablonary. : o ' S B .

" B. . Pilot Input -

Assume normal operation of the servo from a pilok :
dnpat witvh no input from AFCS. and disregerd the . ¢
. action of the open loop spring. "When the pllokts - -
input causes point C-to move up, ‘polink D acts as
- . a pivot polnt since the power plston is hydraui- -
.- eally locked in place. The upward motlon causes
“Fthe sloppy link pln to move up while the differen-—.
. tlal input 1ink plvobs clockwise abt poink D, As '
. the differentlal input link moves, itt!'s motion abt ~
" . bthe sloppy link pin is transwmitted through the
transfer 1ink to the feedback link which robates
.clockwise about point E. The rotatlion of the .
- feedback 1ink causes the spool valve carriage to - .
move down. Slnce equal forces on the ends of the
- spool valve hold 1t centered in its carriage, it
.. moves down With the carrlage. Movement of the ]
© spool valve opens two ports., The open porec at T .
~allows fluld under pressure to reach the power
~ plston and start it travelling up.” As the power --
piston begins travelling up, the fluld in.the
upper poricion of the power cylinder must egzcape.-
To provide an escape path, port G was opened at
- the same Ulp2 as port F.. Port G.provides a dlreck
- llne througnh revburn port R for the escaping fluld
- whilch is pipad back to the storage tenk for re-use.

When ths pilot stops his input mobion,,the differen-~
~tlal input link rotates counterclockwise its comnec~ -
" tlon to rod C because of contlnued motion of the power

piston.. Th2 sloppy link plin moves down, pulling the

- transfer link down and the carriage moves up.. The

. upward movement of the carrlage repositlons the spool
valve until it closes ports ¥ and G, When Porirp™
cxoses, the power plston stops and the feedback action

1ls complete. .

RET




4
—

C.

" HH-3F 61-658

AFCS Input

'lf

Without opan loop conditions

_ Since the spool valve conbrols the power pls—

ton, 1t follows that AFCS should conbtrol the
spool valve, With 13,1.61 as a gulde, the
flapper remalns spring loaded to 1ts center

" positlon when no AFPCS signal exists. The

flapper actuates with Anpubt to its two colls
from the AFCS amplifier. These electrical

‘signals cause the flapper to pivot in the

approprlate direction about point H. This
blvoting actlon retards fluld flow through

. the proper variable orifice, incrasing the
. breasure behind this orifice and unbalancing

~ the pressure at the ends of the spool. valve.

Since the spool valve rests between springs

“of equal. tenslon, the tnbalance of pressure

© causes a compression of one spring an an ex-—

. moved the spool valve. s

'“;tension of the other. The spool valve dla-
Uplaces within 1ts carrlage and opens port F

and G the same as when the pilot‘s Input

"'With the flapper displaced the spool valve

moves due to the pressure differential and
directs fluld under pressure To the lower
end of thz power piston and the power plston
beglns moving uvo. As the plston moves up,

" friction in the econtrol rods and belleranks -

causes poln J to act as a pivot point, and

- when polnt D moves up, the sloppy link pin

must move down pulling the ftransfer link

dovn. 'The feedback link pivois at E and

the carriage moves up,., The upvard movemant
of the carrlage shlfts the spool valve up-
ward., This actlon continues untll the move-
ment of the power plston has closed port F.
As long as the flapper valve remalns in the
displaced conditlon, 1t causes an ,unbalance
off pressure at the ends of the spool valve
which holds the spool valve avay from the
central position in 1ts carriage an awount
proporclional to the pressure unbalance,
WVhen the AFCS signal. that displaced the
flapper valve disappears, and the flapper-

~ returns to cenber, the pressure at the -

epds of the spool valve equalizen and

" %the springs force

-5 ~
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i
N, p
R

the spool valve back to the center of the
carriage, This actlon opens the poxt that
allows pressurilzed hydraunlie fluld to reach
the uppar part of the power plston and it
starts a downward movement whilch continues
untll the dinkapge’ repositions the carrlage
and poro F closesv

With: opén 1000 conditions N

Tha exp Lanatj.on to this point hasg neglected

.the function of the open loop spring. Al-
-though 1ts- purpose and function will be hetter
. understood after a discussion pertaining to

the general philosophy of the altitude channel,
its wecnanical application to the system Will
be explained here, An open loop spring per—

' forms similar functions in the yaw servo; how-

" moves, the 1inkage back to the collective stick

“ever, the following will be restricted to the .,
- collective operauion. . : .. '

. Assume the AFCS innuu slgnal were large epough
" to cause the flaonar valve to displace about

half of the distance between iGs neutral and
maxisum posiklon. This would cause motion of
the power pilston. If the power piston moveament
i1s up, then point D moves up and the differential
input 1link begins to pivet at point J, and the
s1lopoy 1ink pin moves down., This motlon ls

. transpitted back to the spool valve to begin
the follow up and valve closlng action. AT the

game time the pin acts to compress the open loop
spring. As the spring compresses, a p01nh will

.-"f be reachzd when the force to compress the spring

is greauer than the force to overcome the fric- -
tion theb holds poinbtJJ stationary. "When the
spring compresses, to the point where poinu J

GEUSEa movement of the Sulck

NOTE

The friCtion lLock on the collectlve stick

' must allow stick movement during open 1oop
‘operatlon. When polut J moveb, The sloppy

1lnk pin becomes a pivot point and follow-
up movemant that was closling the spool valve
stops. Lnb spool valve remalns open, the
pover piston continnes to move, and the
collective stlck continues its upward motlon.

-6 -
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Since all of the action was Initlated by an error
slgnal from AFCS, the climbling reactlon of the
hellcopter whlch resulted from the upward motlon

of the power plston corrected the erxror and allowed-
the flapper valve to recenter. When.the flapper

--valve recenterzd, the spool valve returned to 1ts

center posibion and stopped the flow of fluld to
the power pilston. At this point, the collective
control has been repositloned and the AFCS has a

- new .reference polnt to work arcund. The new re-
‘ference being determined by how fax the collective

... stick moved from its original positlon.

. ‘Tha open loop spring, by restricting feedback, ex-
“.tends the amount of power plston movement that xe- -
. .’sults from an AFCS signal whose amplitude exceeds
. the wvalue necessary o compress the spring beyond
. - a predetermined magnltude. _— LT

. ~Cyelic Stick Trim System (Refer to T3.1.62)

“Wi%h the small amount of ffiction'encountered in.the

."':cyclic_sﬁstem between the cyclic stick and the auxi-

1llary servo, and the small force necessary to accuate

e the servo, some method 1s required to hold the stick .
Cin a fixed position. Durlng AFCS £light, the pilot

. may release the cyeclic stlck and allow AFCS to malm-

tain a hellcopber attlitude whose reference is centered

- around the stick position.

" Phe stick trim system 1n either cyclic serve con-

sists of two electrically conbrolled hydraullc valves
and a hydraulilc piston mechanically attached to the
cyclic linkage through a force gradlent spring.

- 8wltches, located on the cyclic sticks, control
. electric power to the valves. Using T3.1.62 as a
yveference, the stick trim system is pressurized

through a reducer thab drops the hydraullc pressure

 from the auxiliary serve pump from 1500 psi to 60 psi

before it enters the system. The 60 psi pressurlzes
the lower sectlon of the trim cylinder and appliles

. 60 psi to the left actuabor valve, In this condi-

tion, the sbick trim piston attempts to Travel up,
but is held locked In position by the fluld in the
upver sectlon that cannot escape because of the

‘elosed actuator valves. This acklon (both fore/aft

and lateral) holds the cyclic stick spring loaded
in one position. Without opening the valves, the °
pllot can move the stick by placlng a force approxi-
mately 1 1/2 1bs. at the grlp of the siilck to start
the movement znd then approximately 1./2 1b. of force

o
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per. inch of rovement thereafter. Under these
conditions, whe he ulblimately releases the stilck,
the force gradient spring, which was compressed

_ to allovw the movement, will return the stlck to

ts orlginal poslition. This rosltlon ls called
the trimmed position-and may be changed by actu-
ating the trim valves with the TRIM REL switch

. oon tn° cyclic stick.
.Hhen'thn pilou depresses the TBIM REL swltch,

tbe coiﬁs in both trim valves are energlzed and
open the valves. This actlon allows the 60 psi
to be returned.through a restrictor orlfice dl-
rectly to the eturn llne and releases Tluld on

t. both sides of the trlm actuator piston. The pilot
ocan then, mov° the piston freely bthrough the full

extent of 1ts ttravel without depressing the force
gradienu spring.

When the pllot releases the TRIM REL switch )
trapping £luld on each side of the actuauor plags ¢ .-

ton, he establlishes a new reference pos*tion for

'thD cyclic >ble-
' Amthar featurs of the S’I‘ICK TRIM SYST 6 is- th°

four-way switch locabed at the top of tThe c¢yclic.
stick. This switch allows the pillot to actuate
the stick trim system by energizing only ona of
the TRIM valves at a time. This allows precislon

- bricalng o” the cscllc s»ick in elther pitch or

roll.

.Pedal Dampex (Refer to 13 1. 64)

Thée vaw servo functionm similgrly to the collec

servo but 1Y includes a dampar to 1imit the rate

of movement of the dlrectional. control pedals.

Vithout some rate limiting device, it is concelvable -

that a pilot could move the pedals Ffast. enough to
put eKC°SSJUu forces on the hellcoptery -

Tnz danpsr, . conmected directly to the padal 1inkaga,

racelves fluid from the auxiliary hydraulic source
and both sides. of the movable portion of tha damper

. are pressurized. With pressure applied, the bypass
valve compresses the sprinb at 1¥s. uppsr end and

closes the bypass ports. Wlth the ports closed,
the movable portlon of. the damp r wust dilsplace
£iuld from one side to the other when the padals
move. The dlsplaced fluld, trapped by the dlf-
ferentlal checlk valve can oniy raacli the other slde
by passing bthrough a small orifice. The orifice is
dedignad so that a vexry small flow of fluld can pass
through 1t with maximum force from the pllot, thus
Timitine tha rate that uhesﬂ“gﬂls can movea,

8,
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When the auxlllary hydraulle pressure 1s turned

off, the bypass valve opens the bypass ports be-
cause of the force of 1ts spring pushing the valve
dovn, With the bypass valve open; only the mechanl-
cal frictilon of the direcblonal control system 1llwlbs
the rate of pedal movement.

Another feature of the damper allows the pilot to
move the pedals through a short distance before the

" rate restriction is applied. Spring loading of the

movable parl of the damper permibts thls actlon by
causing the spring to conpress befores the input

‘moblion reaches the movable part. This glves the

rilot small unrestrlicted movement of the pedals
for limited actions, whlle the larger movements
are subjected to the restrlicting action of the

. damper anyblme th° auxiliary system 1s pressurlzed,

- Fe

Yaw Open Loop Spring (Refer to T3.1. 64)

The open lcop spring on the yaw Bervo functiows‘-
simllar to that described on the collective servo,

“Its purpose 1s to restrict the servo follow-up and
. cause the power plston to continue moving when a
. . large signal is received from A¥CS. Ilke the -

collectlve servo, the farther the spring compresses,
the wore the spool valve remalns open and the faster

.. the controls move, However, because of ths restric-—

ting wotlon of the damper, tha veloclty of movement

- 1s limlted to a speed debermined by how much the

spring is compressed holding the spool valve open,

“and how fast the fluild in the damper can be dis-.

placed. This spzed 1s varied by adJusting the spring
until the correct speclficatlions are reached, The
adjustmenis and procedures are lald dovm In a step-
by-step form in Informatlon Notilce 61 65R, Open Loop
spring Adjustmﬁnb Procedure.

During the-adduspment procedure of the yaw open loop
spring, a swall gapils left between the ends of the

spring and the housing where 1t seabs. Thls gap allows -

the pover pipuon to move a short distance before the
spring contacts 1ts housing and permlits a limited
movement of the plston before the padals begln to
move. This movement, bermed "proporxtlonal band”, is
the distance that AgCS signals can move the servo
without affecting pedal movement, When the signal
reaches an amplitude large enough to compress the
spring, and the force ndcessary To compress the spring

- 9:;

ey




HH~3F 61-65B
O ; | |
- exceeds the force necegssary to overcome the frictlon
in the controls, the pedals move. IMNMovement of the
pedals glves The tall rotor a new reference to work
fromnm., T ‘ oo _
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Chapter 3. AIRSPACE

Section 1. GENERAL

70. GENERAL

Airspace users’ operations and needs are varied, Because of the nature of samie aperativns, testiclions must e Pl
upon ochers Ron safory reastig Phe comploninn o st o Aot sadivesitente in wilienr afegdace avens may reanly g
additional aircraft and pilot requirements for operation within such airspace. 1tis of the utmost impoctaneg (that pilols be

. familiar with the operational requirements for the various airspace segmenta,
71. GENERAL DIMENSIONS OF AIRSPACE SEGMENTS

Refer to FARs for specific dimensions, exceptions, geographical areas covered, exclusions, specific transponder or
equipment requirements, and flight operations. Arrows ending ncar but not touching reference lines mean up to or down
to, but not including, the referenced altitude. ' Co

NOTE. - *Federal airways in Hawaii have no vertical limits.
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’
DESTINATION REQUIREMENTS FOR FILING

WEATHER GUIDELINES FOR IFR F(";‘?HT

Support Airlift

Training and evaluation
Training and evaluation
unqual or noncurrent

No published approach

WHEN TQC DESIGNATE AN ALTERNATE.

. ALTERNATE REQUIREMENTS

o

TAKEQFF REQUIREMENTS
Support Airlift

Training and Evaluation

Training and Evaluation
unqual or noncurrent

APPROACH MINIMUMS

= BT e R

 than 700' ceil or 1 mile visibility.

TIMEFRAME

- O

NOTES

200" ceiling and 1/2 mile vis (RVR 24Q00) or

lowest min for compatible approach, whichever higher. farrival

Intermittent forecast not restrictive, info only.

300! ceiling and 1 mile vis (RVR 5000) or lowest min
for compatible approach, whichever higher. Intermit
forecast not restrictive, info only.

See 89 MAWR 55-1 pg 1-2

IFR to point where VFR conditions forecast to exist
at time of arrival or point where published approach
gets aircraft down to VFR conditions.

’
When filed to airport where radar required to shoot
all or portion of published approach. Also, when
worst weather is forecast (inter or prevail) less

' ]
A ceiling of at least 700', or 500' above lowest

compatibleélanding min, whichever higher, and vis of

1 mile or 1/2 mile above lowest compat landing min,
whichever higher. Use worst forecast weather excluding
inter conditians due to thunderstorms.

200' ceiling and 1/2 mile vis (RVR 2400) or lowest,
lowest min for' compatible approach, whichever higher.

Vis may be redueed to 1/2 required published vis
(No lower than 1/2 mile or RVR 2400) if departure
alternate is used,

300! ceiling and 1 mile vis (RVR 5000) or lowest min

. for compatible apprcach, whichever higher. Vis may

be reduced to 1/2 required published vis (no lower
than 1 mile or -RVR ZQ00) if departure alternate used.

See 89 MAWR 55-1 pg 1-2 . ° - A

May use 1/2 éublished 4is, but not less than RVR 1200

or 1/4 mile. Circling approaches also require ceiling

e e A e T o, [, R L IR P e

t 1 hour

_Iei ling and vis
T

equired. Vis may
reduced by 1/2, no
lower than 1/2 mily{

time of _
arrival

+

e 1 hour
arrival

: 1 hour
arrival}at
alternate

existing
weather

existing
weather

existing
weather

ceil and vis req.
Vis may be reduced
by 1/2, no lower
than 1 mile, 3000
IEVR

ay use airfield
ithout ifst app
s alt. See AFR
60-16 pg '8-2.

copter only app

vis will be used
as published. ¢-~|
MACR 55-1%7
dep alt requded |

copter only app

will be used as

published
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FLIGHT SAPETY OFFICER
U. S, COAST GUARD AIR STATION

ELIZABETH CITY,

NC 27909

DESTINATION WEATHER

DEATINATION WEATHER 2000
ABOVE CLOMPATIBLE APFRaACH
MIMIMUMS AND 5 MILES VIS,

WILLIAM J. FITZGERALD

OR 2 MILES ABOVE MINIMUMS
WHICHEYER 13 GRIATER.

NO

DESTINATION WEATHER

NO ALTERNATE REQUIRED

ABOVE APPROACH MINIMUmMS

l

NO

+

DESTINATION WRATHGR

ALTERMNATE WEBATHER MusT
BE AT OR ABOVE PUBLISHED
ALTERNATE MINUMS. IF NoT
PUBLISHED &
Q0. rpdN~- PRECISIaMN
- 1%L On

YES efin
YES >
YES

"BELOW APPRGACH MINIMumsS

it o S

ABSOLATE T/ mint 3
o Tusbow 1 {1/ 2 Ml

PISTOrt! §

YES

i publishad,)

TARE-OFF AUTHORIZAD
T HO  ALTERNATE REAULIRED

BELOW
TARE-OFF  MINIMUMS

YES

TAKL-afE MOT AUTHOR\ZE Dg

" R ne Amdadiod Cticer an AL ey
P zm TARECTF m thn mt gt A
¥ e umas At ARl e tatey,

MTERNATE WEATHER MUST 86
2000’ ABOVE LOWEST COMPATIEE
APPEOACH MINIMUMS AND 3
MILES VIS, 8RR 2 MILES ABoVvE
MlmMu’;‘ WHICKEVER 1S

FLE A

PEPARTURE WEATHER

. ABOVE TARE-OFF
sur

miia
{ Mk folide mOM-
Wardard T/o mins

NO ,

TAKE-OFF AuTwoRIZED
MUsST HAVA DEPARTURE
ALTRAZRATE WITHIN £ HOUR

(2 ENGINE AIRCRAFT).

WEATRER MusT BE (AT TARE-
OFPF)} AT OR 'ABAVE , AMD
FORRCAST To REMAIN 30
FoR ETA PLus 1 HOuRr,
PUSLISHED ALTERNATE
MIMNIMUMS .

LISHED & _
800=2 Fok MON- PRECISION
G00-2 Fok PREcCISIAN

IF No MINtMUMS ARE PuB-

AN




